ABSTRACT. The geographical variation of the gray-bellied squirrel (Callosciurus caniceps) was examined using osteometry of skull in Southeast Asia. From the principal component analysis (PCA), the plots of the northern localities from Nan to Kanchanaburi and those of the southern localities from Narathiwat to Kuala Lumpur in male were completely separated. In female, the plots of the locality from Uttradit to Kanchanaburi and those of the locality from Pattani to Negri Sembilan were completely separated. We called these northern localities and southern localities which are distinguished by the PCA as N group and S group. The size and shape of the skulls of these squirrels indicated the differences between N group and S group from t-test and U-test. These results may be influenced by the two transitions of the phytogeography around the southernmost locality in N group and the northernmost locality in S group in the peninsular Thailand and Malay Peninsula. Localities which are located between N and S groups were called the Middle (M) group. From the PCA among N, S groups and each locality of M group, the plots of localities such as Prachuap Khiri Khan, Chumphon, Krabi, Nakhon Si Thammarat and Trang in both sexes of M group could not be separated from those of N and S groups. We suggest that the sympatric distribution of N and S groups and the hybrid of N and S populations may be seen in these localities of M group.
Southeast Asia is a region which has diversity of zoogeography and phytogeography. This region includes two different biogeographical areas, the Indochinese area of the northern side and the Sunda area of the southern side [14] . The border line between these areas is located around the Isthmus of Kra (10° 30' N) which is only 45 km in width in the central part of peninsular Thailand. Morphological and genetic variations influenced by the Isthmus of Kra have already been reported in the articles of Tupaia [7] and bird and flora [12, 21, 27, 28] . In previous studies, many authors clarified geographical variations of biota based on the Isthmus of Kra. However, the fauna of terrestrial mammals has not been elucidated.
Family Sciuridae of 90 species is spreading in Southeast Asia. However, only 9 species, the Ratufa bicolor, Callosciurus caniceps, Callosciurus erythraeus, Tamiops mcclellandii, Dremomys rufigenis, Menetes berdmorei, Petaurista elegans, Petaurista petaurista and Petinomys setosus, are distributed in both sides of the Isthmus of Kra. From these results, it has been suggested that the Isthmus of Kra functions as a biogeographical barrier for squirrels [4, 14] . In this study, we used the gray-bellied squirrel C. caniceps which is distributed in Thailand except for the northeast, peninsular Burma and Malay Peninsula. According to Bonhote [3] , this species puts on a dorsal bright orange pelage for the breeding season, especially brightest in January. The dorsal dull gray pelage in the squirrel is observed from March to November. This squirrel is an arboreal species, however, is often found to descend to the ground [14] . Its natural diet consists of fruits, nuts, seeds, buds, flowers, other vegetable matter, insects and bird's egg [26] . C. caniceps has the same range as C. erythraeus and Callosciurus finlaysonii in the lowlands of Thailand, however, it has also been seen in high latitudes up to 4,700 ft in Malaysia [14, 17, 18, 26] . We have already published papers using data of skull measurements of D. rufigenis, C. caniceps and R. bicolor [8] [9] [10] , in this study we used more numerous specimens of the C. caniceps and compared them among many localities in Thailand and Malaysia using statistical analysis to clarify the geographical variation of C. caniceps in Southeast Asia.
MATERIALS AND METHODS
We used the specimens of skull of Callosciurus caniceps that have been collected in the Raffles Museum of Biodiversity Research, National University of Singapore (Singapore, Singapore) and Thailand Institute of Science and Technological Research (Bangkok, Thailand). Observations were based on 141 skulls (male 65 and female 76). The sex and locality of the specimens were dependent on the biological data of each collection. We selected and used specimens that had already completed molar eruption, and considered them as adults. The compositions of origin, sex and map number of localities are shown in Table 1 , and the locality of specimens is listed in Fig. 1 . According to Driesch [6] , we evaluated 18 measurements of the cranium and 6 measurements of the mandible (Fig. 2) , and the item abbreviations were arranged in Table 2 . The skull measurements were scaled at 0.1 mm by vernier caliper.
In this study, we conducted the principal component analysis (PCA) in 24 items of cranium and mandible using Excel Statistics 2004 (Social Survey Research Information Co., Ltd. Tokyo, Japan) to clarify the geographical variations, especially around the Isthmus of Kra. We compared the plots of the first principal component (PC1) and the second principal component (PC2) whether each locality had significant differences or not between Northern part of the Isthmus of Kra including the North, Northeast, West and Central Thailand and Southern part of the Isthmus of Kra including the South Thailand and Malaysia using osteometrical data on the skull of C. caniceps. The significant differences in mean values between them were examined by Student's t-test. The level less than 5% was considered indicative of a statistically significant difference. To clarify the morphological differences among each group, the proportion indices were formed from the quotients of each measurement value divided by the geometric mean of all measurement values. The significant differences of proportion indices among localities were examined by nonparametric U-test using software Statistica (Statsoft Inc., Tokyo, Japan).
RESULTS
From the 18 measurements of the cranium and 6 measurements of the mandible raw data of the PCA, the plots of the northern localities from Nan to Kanchanaburi and the plots of the southern localities from Narathiwat to Kuala Lumpur in male were completely separated (Fig. 3) . In female, the plots of the locality from Uttradit to Kanchanaburi were not intermingled with the plots of the locality from Pattani to Negri Sembilan. We call these northern localities and southern localities, distinguished by the PCA, N group and S group. All items except for LBC, GNB, LMR1, GPB, LMR2 and TM in male signified more than 80% character loading factors in the PC1 in Table 3 . The character loading factor in the PC2 indicated more than 60% rate in the items of LMR1 and LMR2. In female, all items except for MWN, LBC, GNB, LMR1, HAB, LMR2, TM and OHR contributed to the PC1 showed more than 80% character loading factors. The character loading factors in the PC2 indicated more than 60% rate in the items of TM.
From mean values in both sexes, mean values of all measurements in N group were larger than those in S group (Table 4) . From the t-test, all measurements data except for TM in N group were significantly larger than those in S group in both sexes (Table 4) . From the examination of U- test, the measurement items such as SL, MWN, LBO, LC, HM and AHR in the males of N group were significantly larger than those in S group (Table 5 ). The items of PL, ML, GNB, LBM, LBSR, HAB and TM in the males of N group were obviously smaller than those of S group. In the females of N group, SL, LBO and LBR were larger than those of S group. The items such as LBM, LBSR, HAB and TM in the females of N group were smaller than those of S group. We call localities from Prachuap Khiri Khan to Trang Fig. 2 . Measurements used in this study. Abbreviations are also explained in Table 2 . which are located between N and S groups as Middle (M) group. The males in the M group are found in 9 localities and the females in 8 localities. From the PCA among N, S groups and each locality of M group, the plots of localities such as Prachuap Khiri Khan, Chumphon, Krabi, Nakhon Si Thammarat and Trang in both sexes of M group could not be separated from the plots of N group (Figs. 4 and 5) . The plots of these localities in M group were also intermingled with those of S group in both sexes. The principal component scores of Pakchan and Ranong were plotted with those of N group in both sexes. Surattani plot in male could be separated from N and S plots. The principal component scores for males in Takua Thung were plotted with those of N group. However, the plot for females in Takua Thung could not be separated from those of S group. 
DISCUSSION
We demonstrated that the plots distribution of northern localities from Kanchanaburi in male in the PCA is different from that of southern localities from Narathiwat. In female, the plots of northern localities from Kanchanaburi are not intermingled with those of the southern localities from Pattani in the PCA. The size and shape of the skull of this squirrel indicate the differences between N and S groups from t-test and U-test. These results may be influenced by the two transitions of the phytogeography in the peninsula.
One transition, from wet seasonal evergreen rain forest to mixed moist deciduous forest in the north side of the Isthmus of Kra, is seen around the southernmost locality in the N group [20] . Another transition, from perhumid evergreen rain forest to wet seasonal evergreen rain forest 400-500 km south of the Isthmus of Kra near the Thai-Malaysian border, is observed around the northernmost locality in the S group [1, 2, 11, 13, 20, 23, 24] . The distinctive species transformation in birds influenced by plant transformation has been reported between 11° and 13° North latitude [12, 21, 27, 28] . Southern transition in Sunda area has much richer low- The mean values of N and S groups are arranged in the upper row, the standard deviation in the middle row and t-test in lower row. Significant difference is p<0.05. land forest fauna than Northern transition in Indochinese area [12] . This species has adapted in cultivated land and is found not only in the forest, but also in plantations, gardens and center of towns. We think C. caniceps in Sunda area, which is found in evergreen forest in all year, may be more adapted arboreal than those in Indochinese area, which is found in deciduous forest in dry and rainy season. These botanical changes of flora may reflect morphological variations in skull of C. caniceps between N and S groups [6, 15, 16] .
From the results of U-test, the items of SL and LBO in both sexes of N group were larger than those of S group. The proportion items of the larger SL and LBO in both sexes clearly show long splanchnocranium and wide breadth between the orbits. These characteristic structures may indicate the functional-morphological adaptations in squirrels of N group seeking the grounds for insects and searching broad areas to protect themselves from predators than those of S group. The items of GNB in male and LBSR, HAB in both sexes of S group were larger than those of N group. These results were similar trend with the works on the brain size. Eisenberg and Wilson [6] , Lemen [15] and Mace et al. [16] reported about brain size of Chiroptera, Peromyscus and small mammals, that arboreal species tend to have larger brains than terrestrial species, and forest animals have larger brain than inhabitants of grassland to be adapted. They proposed that the navigating through structurally complex habitats and foraging strategy will require relatively larger brains. We suggest that the items of the larger DL, AHR and OHR may be concerned with the force of its bite and the amount of posterior deep masseter and temporalis. Thorington and Darrow [22] and Velhagen and Roth [25] have already published about relationship among jaw muscles, shape of mandible and foods. The tree squirrels seem to have skill in dealing with particularly hard fruits and nuts. However, the feeding preferences of Callosciurus don't include an emphasis on hard fruits [19] . We will need to investigate the development of the masticatory muscles to understand the skull variations of the squirrel in the future.
The plots of localities such as Prachuap Khiri Khan, Chumphon, Krabi, Nakhon Si Thammarat and Trang are intermingled with those of N and S groups in the PCA. From these results, we suggest that the sympatric distribution of N and S groups is seen in these localities of M group. We also suggest that the hybrids of N and S populations may be recognized as M group in these localities. It is unknown why the plots of Pakchan and Ranong in both sexes are intermingled only with those of N group. The plots of Takua Thung in male are separated from those of N group. The scores of Takua Thung in female are similar to those of S group. It has been also unknown why these results of Takua Thung are different between both sexes.
The morphological variation on the skull of squirrel is effective to detail its adaptation to the environment. This work will help us to clarify the zoogeography on the squirrels in Southeast Asia.
